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ABSTRACT 

Most of the soft and a growing fraction of the harder X-ray background has been resolved 
into emission from point sources, yet the resolved fraction above 7 keV has only been poorly 
constrained. We use ~ 700 ks of XMM-Newton observations of the Lockman Hole and a 
photometric approach to estimate the total flux attributable to resolved sources in a number of 
different energy bands. We find the resolved fraction of the X-ray background to be ~ 90 per 
cent below 2 keV but it decreases rapidly at higher energies with the resolved fraction above 
~ 7 keV being only ~ 50 per cent. The integrated X-ray spectrum from detected sources has 
a slope of r ~ 1.75, much softer than the T — 1.4 of the total background spectrum. The 
unresolved background component has the spectral signature of highly obscured AGN. 
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1 INTRODUCTION 

The cosmic X-ray background (XRB) extends from ~ 0.1 to sev- 
eral hundred keV. At the lowest energies (< 0.25 keV) the domi- 
nant contribution is the thermal emission from hot gas in the local 
bubble and the Galaxy. Above 1 keV it is mainly extragalactic in 
origin and is well-described by a power-law with a spectral slope 
of r = 1.4. The spectrum peaks in vl v at ~ 30keV before de- 
creasing exponentially at higher energies. 

It is now clear that the extragalactic XRB is due to the inte- 
grated emission of point sources, principally Active Galactic Nu- 
clei (AGN), along with some thermal emission from galaxy clus- 
ters and starbursts (that contribute at soft X-ray energies). Sinc e 
the early years of the Einstein observatory ( Ma ccacaro et alll99lh . 
a larger and larger fraction of the XRB has been resolved into 
discrete objects. Most (~ 70 — 80 p er cent) of the 0.5 — 2keV 
backgr ound was resolv ed by ROSAT I Hasi nger et alll99 8f). Using 
ASCA. Iljeda et alJ ll998t) could account for ~ 30 per cent of the 

2 — lOkeV background whilst an early Chan dra survey of the 
SSA13 field resolved some ~ 60 — 80 per cent iMushotzkv et al. 
l200d) . 

The Chandra Deep Fields North and South have now 
been able to resolve some ~ 70 — 90 p er cent of the hard 
XRB (CDF-N: iHornschemeier et all 1200(1 l200lt iBrandt et alJ 
[ 2001 JbtlMivaii & Grimthsl2002UAlexander et all2003l). (CDF-S ; 
Icampana et all200ltlTozzi et all200ll : lGiacconi et all200lll2002l 
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iRosati et afll2002t IMoretti et alJ 2002). Significant uncertainty in 
this fraction results from field- to-field variations. 

With the first deep X-ray survey co nducted by the XMM- 
Newton observatory lHasinger et alJ 1200 ll) resolved ~ 60 percent 
of the 5 — 10 keV hard XRB in the Lockman Hole. This field is one 
of the most well studied regions of the sky and has been the target of 
many different multi- wavelength observations. It has an unusually 
low level of neutral Galactic absorption, only ~ 5 x 10 19 cm -2 
compa red to the typical 2 — 3 x 10 20 cm -2 at high latitudes 
lLockman et alll98fj|El"vis et alll994l) . This makes it an excellent 
window through which to observe distant sources at X-ray energies. 

The ~ 100 ks of XMM-Newton data used in the lHasinger et alJ 

1200 lh work has now been extended to ~ 700 ks. The large accu- 
mulated observation time; the low level of Galactic absorption; and, 
most importantly, the large effective area of XMM-Newton at ener- 
gies above 7keV make the data a unique resource. Whilst other 
studies will focus on source identification and spectra, the aim here 
is to produce a robust result for the resolved fraction of the XRB, 
as a function of energy, by summing broad-band fluxes for the de- 
tected sources. 

Recent synthesis models (e.g. iGilli et all 1200 it 
iGandhi & Fabiarl 120031; lUeda et al] 120031) suggest there may 
be an unresolved population of highly obscured, faint AGN. Such 
objects would have negligible flux in the softer energy bands with 
the population only presenting itse lf as a missing fra ction in the 
resolved flux at higher energies. IMoretti et alJ 120031) compile 
log N — log S distributions and integrate these to determine the 
resolved fluxes to be ~ 94.3±g;? and ~ 88.8tg g per cent in the 
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Table 1. Summary of the XMM-Newton Lockman Hole observations. Tn\ 
'M' and 'Tk' indicate the thin, medium and thick filters respectively. 



Rev. 


Date 


Good Exposure time (ks) / filter 
PN MOS-1 MOS-2 


70 


9000 Mnr 97 


33.4 /Tn 


33.7 /Tn 


34.3 / Tk 


7 [ 


9000 Mnr 9Q 


31.7 /Tn 


42.4 / Tk 


33.9 /Tn 


73 


9000 Mav 09 


14.4 /Tn 


13.8 /Tn 


13.8 /Tk 


74 


2000 May 05 


5.0 / Tn 


5.6 /Tn 


8.1 / Tk 


81 


2000 May 19 


27.9 / Tn 


26.8 /Tn 


36.2 / Tk 


345 


2001 Oct 27 


24.3 / M 


40.6 / M 


37.1 /M 


349 


2001 Nov 04 


30.6 /M 


35.3 /M 


34.1 /M 


522 


2002 Oct 15 


55.1 /M 


79.4 / M 


81.2/M 


523 


2002 Oct 17 


46.4 / M 


55.5 /M 


56.2 /M 


524 


2002 Oct 19 


49.9 /M 


55.4 /M 


57.2 /M 


525 


2002 Oct 21 


61.6/M 


78.5 /M 


78.9 /M 


526 


2002 Oct 23 


25.7 /M 


45.5 /M 


52.4 /M 


527 


2002 Oct 25 


22.8 / M 


30.1 /M 


34.1 /M 


528 


2002 Oct 27 


13.7/M 


27.7 / M 


33.0 /M 


544 


2002 Nov 27 


67.8 /M 


104.1 /M 


103.2 /M 


547 


2002 Dec 04 


88.9 /M 


98.0 /M 


97.7 / M 


548 


2002 Dec 06 


72.1 /M 


86.1 /M 


86.5 /M 




Total time (ks): 


681 


858 


878 



0.5 — 2keV and hard 2 — lOkeV bands respectively. Using the 
recent XRB intensity measurement by De Luca & Molendi 1 2003), 
with a higher value of the background normalisation, reduces the 
hard band resolved fraction to only ~ 78 per cent. 100 per cent 
resolution is not necessarily expected, with maybe ~ 1 per cent in 
the hard band resulting from truly diffuse emission lSoltail2003h . 
This is not enough, however, to make-up the significant shortfall in 
the hard band resolved fraction. 

Figures based on the broad 2 — lOkeV band can be decep- 
tive since the sensitivity of most instruments in the 7 — lOkeV 
range is poor, e.g. the effective area of Chandra is negligible above 
7keV; however, XMM-Newton remains sensitive (at least in the 
PN camera) to ~ 12 keV and by calculating the resolved fraction 
separately in a number of finer bands we can analyse much more 
carefully the behaviour of the fraction with energy. 



2 METHOD 

2.1 Observations and data reduction 

The Lockman Hole has been observed 17 times by XMM-Newton 
during the PV, AO-1 and AO-2 phases of the mission, with total 
good exposure times of 681, 858 and 878 ks in the PN, MOS-1 and 
MOS-2 instruments respectively. Table \\\ gives the details of the 
individual observations. Most of the pointings are centred in the 
same direction, with some variation to overcome CCD chip gaps. 
EPIC data reduction was performed with the Scientific Analysis 
Software (S AS) V5.4. 1. The raw event files were cleaned for back- 
ground flares, hot columns and bad pixels, including the standard 
low-energy filtering used in the processing pipeline. 



2.2 Source detection 

The cleaned events from each observation and instrument were pro- 
cessed separately and in five different energy bands; 0.2 — 0.5, 
0.5 - 2, 2 - 4.5, 4.5 - 7.5 and 7.5 - 12 keV. Source detection for 



each instrument, observation and band followed a similar proce- 
dure to that described in the XMM-Newton S AS User's Guide (Is- 
sue 2.1, section 4.12.3): Sliding-box source detection was carried 
out using the task EBOXDETECT and the resulting bright source list 
used by the task ESPLINEMAP to produce approximate background 
maps. Exposure maps were also generated using EEXPMAP. These 
contain the actual effective exposure time as a function of position 
in an image and incorporate the effects of CCD spatial quantum 
efficiency variations, filter transmission and mirror vignetting. 

The separate images, background maps and exposure maps for 
each of the 17 observations were then added together resulting in 
one for each instrument and energy band. Sliding-box source de- 
tection was performed again, this time utilising the background in- 
formation. The detection algorithm simultaneously considered all 
energy bands in the process although, again, the three instruments 
were processed separately. The resulting source lists were refined 
further using the maximum-likelihood point spread function (PSF) 
fitting task EMLDETECT to find the best-fitting position of each 
source candidate. 

The final source lists for each instrument were verified man- 
ually to exclude spurious detections due to residual bad pixels and 
to resolve special cases (e.g. where a closely spaced pair of sources 
had been erroneously fitted with a single PSF). A second run of the 
source characterisation task was used, with source positions fixed, 
to confirm the results. The source lists for each instrument were 
then cross-checked - resulting in a final list of 126 source posi- 
tions. 

Verification of the source list was obtained by comparison 
with the independently constructed list by Mateos et al. (in prep.); 
both lists agree well although there are 30 very faint source can- 
didates (out of a total of 156) which are not contained in our list. 
These sources have fluxes < 10 -15 erg cm -2 s _1 (0.5 — 7.5 keV) 
and were not consistently detected in our analysis, neither were 
they clear sources when manually checked. The following photo- 
metric analysis produces the same results regardless of their inclu- 
sion or not (the effect on the resolved XRB intensity is negligible). 

The brightest sources have fluxes ~ 3 — 5 x 
10 -14 erg cm -2 s _1 (depending on energy band), down to 
~ few x 10 -16 erg cm -2 s _1 , in each energy band. The limiting 
factor to source detection is the rather high level of background 
noise; in the 0.2 - 0.5 keV band it is ~ 0.4 - 0.6 (0.1 - 
0.2) counts Ms -1 arcsec -2 for the PN (MOS) camera; increas- 
ing to ~ 1.1 — 1.3 (0.3 — 0.4) counts Ms -1 arcsec -2 for the 
7.5 - 12kcV band. 

The level of source-confusion, for the faintest sources, can be 
quantified as the number of 'beams' per detected source; where a 
beam is taken to be the solid angle of one resolution element (see 
e.g. lHogg|200"ll) . Taking a resolution element to be circular, with a 
diameter of ~ 15 arcsec, the number of beams per source is ~ 50 
- above the level at which confusion becomes important (< 30 
beams per source; lHogJ200lh . 

2.3 Source photometry 

A straightforward photometric approach was adopted to obtain the 
total flux due to resolved sources in each energy band. The three 
instruments were treated separately to provide robustness in the re- 
sults and also because of the differences in PSF and background 
levels. The process was restricted to the sources lying within a 10' 
radius centred on 10 h 52 m 41 s +57°29'00" (the central portion of 
the field with the lowest background levels and highest exposure 
time). 
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Figure 1. A schematic representation of the count-rate extraction regions 
for a source. The left panel shows the exposure-corrected image with the 
radius r± aperture used to extract the count-rate C. The right panel shows 
the source-free image where the sources have been masked-out with a radius 
r 2 aperture. The count-rate A is extracted from the surrounding annulus 
of inner and outer radius r 2 and rg respectively. Portions of the annulus 
overlapping with the masked-out region of a nearby source are ignored (as 
shown). 

For each instrument and energy band, an exposure-corrected 
image was made by simply dividing the image by the exposure 
map. A 'source-free' version of each exposure-corrected image was 
also made by masking out all sources with an energy dependent cut- 
out radius r 2 (see !2.4> . This was done for all sources and also for 
any rejected source candidates or instrumental artefacts. 

For each source and in each energy band, the total exposure- 
corrected count-rate C was extracted from within a circular aper- 
ture of radius n. The total exposure-corrected count-rate A was 
also measured in an annulus surrounding the source (from a radius 
r 2 to rz) but using the source-free image to limit contamination by 
other nearby sources. Errors in C and A are assumed to be Pois- 
sonian. Fig.Qis a schematic of the image cut-out aperture and the 
source-free cut-out annulus for a source. 

The true source count-rate S (counts s _1 ) and the back- 
ground level B (counts s _1 arcsec -2 ) can be determined from the 
measured C and A via, 

s - QC-PA 

QE(n) - P[E(r 3 ) - E(r 2 )} K ' 

AE( ri ) - C[E(r 3 ) - E(r 2 )] 

QE(n) - P[E(r 3 ) — E(r 2 )] () 

where P and Q (arcsec 2 ) are the areas of the cut-out aperture 
and annulus respectively. E(r) is the fraction of the source counts 
which would fall within a cut-out radius r - the 'encircled energy 
fraction' (EEF) - computed by integrating the analytic fit to the PSF 
given in XMM-Newton calibration documents EPIC-MCT-TN-01 1 
(2001 October 8) and EPIC-MCT-TN-01 2 (2002 June 27). 

The analytical PSF is a radially-symmetric King function, 
with parameters that vary with photon energy and off-axis angle. 
As detailed in the calibration documents, the analytical model was 
constructed by considering radially-averaged PSF profiles and in- 
clude the effects of the azimuthal distortions seen in the PSF when 
far off-axis. The models for the three instruments are only well- 
determined within specific 'ranges of application' and have not 
been verified for larger off-axis angles at higher energies. 

In order to justify the use of the analytical model in the harder 
energy bands and for sources far off-axis, we tested the analytical 



Table 2. The cut-out radii used for the PN and MOS instruments and energy 
bands, as described in Fig. HI 



Energy band 




Cut-out radii (arcsec) 




(keV) 




PN 






MOS 






ri 


V2 


^3 


n 


V2 


rz 


0.2 - 0.5 


13 


40 


50 


12 


44 


54 


0.5 - 2 


15 


44 


54 


13 


36 


46 


2 - 4.5 


11 


32 


42 


11 


32 


42 


4.5 - 7.5 


8 


24 


34 


7 


20 


30 


7.5 - 12 


6 


16 


26 


6 


12 


22 



fit to the PSF profiles for several bright sources that lie in different 
parts of the field. The combined images were used and the profiles 
in each band fitted to the analytical model. An acceptable fit was 
obtained in each case - the analytical PSF would appear to be a 
satisfactory model for all the sources in our field, including those 
which strictly fall outside 'range of application'. 

A further complication in the use of the analytical model in 
the combined images; these were made by stacking 17 different 
individual images, not all of which are in the exactly same pointing 
direction. The PSF of a source is strictly a superposition of PSFs 
with different off-axis angles. When telescope vignetting is taken 
into account, the majority of counts (~ 90 per cent) are due to data 
from observations with pointing directions that lie within ~ 1.5' 
of the centre of the combined field and the effect is not significant. 
The aforementioned test of the analytical PSF model was carried 
out using sources from the combined images and the success of the 
model in fitting the actual PSF profiles demonstrates that it remains 
valid for use in the combined data sets. 

2.4 Cut-out radii 

Radii r 2 (for masking sources in the source-free images) were de- 
termined empirically by considering the observed PSFs of a sam- 
ple of some typical sources (i.e. from different parts of the field, of 
moderate brightness and comparatively isolated). Counts were plot- 
ted as a function of radius away from the centroid position of the 
source. The mask-out radius was taken to be the radius at which the 
count-rate (within Poisson error) decreases to the background level. 
This was performed for each energy band and instrument since both 
the PSF and background can vary considerably between them. 

Source cut-out radii n have only a weak influence on results 
since the extracted source counts are corrected for the fact that 
the encircled energy fraction within the cut-out radius is not 100 
per cent. However, it is important to choose an optimal value to 
maximise the signal-to-noise - a small radius will reject too many 
source photons whilst a large radius will include too many back- 
ground photons. For a typical source brightness and background 
level, the optimal cut-out radii were determined for each energy 
band and instrument by maximising the signal-to-noise in S. Ta- 
ble [2] gives the values of the different cut-out radii used for the 
different instruments and energy bands. The encircled energy frac- 
tion within the cut-out radii is ~ 45 — 65 per cent (depending on 
energy band and instrument) and so the EEF correction factor is 
~ 2.2 - 1.5). 

The masking radii r 2 and the source cut-out radii r\ are much 
smaller at higher energies for two reasons; firstly, the core of PSF 
is narrower because high energy photons are only focused by the 
innermost shells of the telescope and the reduced number results 
in less dispersion; secondly, the background level is higher in the 



4 M. A. Worsley et al. 



Table 3. The energy conversion factors used to scale source count-rates 
to fluxes. Each ECF is a combination of the different values for different 
filters, weighted according to the exposure time spent in each filter for the 
particular instrument and energy band. 



Energy band 


Weighted energy conversion factor 




O 


(keV) 


(10 11 


counts cm 2 


erg 1 ) 








PN 


MOS-1 


MOS-2 


'a 


ID 


0.2 - 0.5 


7.409 


1.261 


1.240 


> 




0.5 - 2 


6.379 


1.922 


1.903 






2 - 4.5 


1.910 


0.723 


0.724 


a 




CM 


4.5 - 7.5 


0.933 


0.259 


0.271 


H 


7.5 - 12 


0.234 


0.027 


0.029 







harder bands - meaning the radius at which source counts are dom- 
inated by background is smaller. 



2.5 Count-rate to flux conversion 

The final count-rate S for each source in the field was converted to 
a flux measurement. The 'energy conversion factors' (ECFs) were 
computed for each instrument using the same method used to cal- 
culate those for the XMM-Newton processing pipeline (R. Saxton, 
priv. comm.; also see the XMM-Newton SSC documents SSC-LUS- 
TN-0059 versions 1-3). 

The ECFs were estimated by taking an on-axis source (for the 
required instrument and filter) and extracting a spectrum. The ap- 
propriate redistribution matrix file (RMF) and ancillary response 
file (ARF) were generated (using the median observation date 
for the Lockman Hole data). Note that no encircled energy frac- 
tion correction is required in the creation of the ARF: this ef- 
fect is taken into account during source photometry (see !2.3> . Us- 
ing the X-ray spectral fitting software XSPEC the spectrum was 
fitted with a power-law plus Galactic absorption model (using a 
power-law slope of V — 1.4 and an absorption column of Nh = 
5 x 10 19 cm -2 ; appropriate to the Lockman Hole). A simulated 
spectrum for the model was then created (with the FAKEIT com- 
mand) but with no simulated noise. The ECF was then found by 
dividing the simulated count-rate by the integrated model flux in 
the required energy range. 

The ECFs for different filters were combined, weighted ac- 
cording to the exposure spent in each filter, leaving the ECF values 
for each instrument and energy band. Table|5]lists the ECFs used. 
We place a conservative error of 10 per cent on the calculated ECFs 
to account for the variation of source spectral shapes around the 
expected XRB 'average' for F = 1.4 and Nn = 5 x 10 19 cm -2 , 
as well as uncertainties introduced by the evolution of RMF/ARFs 
throughout the observations. 



2.6 Resolved XRB intensity 

In each energy band the source fluxes were summed to give a total 
flux. All sources (from the final detection list) were considered in 
each band so even negative fluxes are included in the sum (if neg- 
ative values are ignored the resolved fraction is artificially higher 
although the same trend is seen in the results). The flux errors were 
added appropriately and combined with the estimated error in the 
ECF values. A correction was made for Galactic absorption: this 
is ~ 15 per cent in the 0.2 — 0.5 keV band and insignificant in 
the harder bands (< 1 per cent). The apparent resolved flux was 



0.3 0.5 1 2 5 10 

Energy (keV) 

Figure 2. The extragalactic XRB intensity resolved from detected sources 
in the energy bands (0.2 - 0.5, 0.5 - 2, 2 - 4.5, 4.5 - 7.5 and 7.5 - 
12 keV). The values from the three instruments are plotted, for clarity, as 
points in the centre of each band and offset horizontally with respect to each 
other. Squares, circles and triangles represent the PN, MOS-1 and MOS- 
2 instruments respectively. Errors are one sigma. The bars represent the 
measured values of the total extragalactic XRB intensit y; the 0.5 — 2, 2 — 
4.5, 4.5 - 7.5 and 7.5-12 keV values from lDe Luca & Molendi <2003l) 
with the grey bars indicating estim ated o ne sigma error; the 0.2 — 0.5 keV 
data is from IWarwick & Robert! il998ft and shows the upper and lower 
bounds of their estimate. 



then converted to the resolved XRB intensity over the relevant 10' 
source-inclusion circle. 



3 RESULTS 

The resolved XRB intensity for each energy band and instrument 
in shown in Fig.|2| In compariso n, the most r ecent total extragalac- 
tic XRB intensity measurement iDe Lu ca & Molendi 2003) is also 
shown. This work was based on analysis of the 2 — 8 keV XRB - 
mostly extragalactic in origin at these energies. The extrapolation 
to the 0.5 — 2 and 7.5 — 12 keV bins is acceptable given the as- 
sumption that the extragalactic component has the same power-law 
spectrum at such energies. The extragalactic XRB level is very un- 
certain at the softest energies (i.e. 0.2 — 0.5 ke V) and is e stimated to 
lie at 2 - 35keV cm" 2 s" 1 sr" 1 keV" 1 bv lWarwick & Roberts! 
(1998). 

Fig. shows the resolved fraction of the total XRB. At the 
softest 0.2 — 0.5 keV energies the XRB resolved fraction is con- 
sistent with 100 per cent, although this is rather uncertain given the 
lack of knowledge of the absolute level. The residual available to 
group and galaxy formation is small (see e.g. Wu et al. 2001). The 
0.5 — 2keV soft band resol ved fraction is ~ 90 per cent, consis- 
tent with the value found by M oretti et alj 1200 3l) which includes 
the (deeper) CDF observations. The total 2 — 7.5 keV hard band 
resolved fraction is ~ 60 — 70 per cent, again slightly less than the 
~ 80 per cent for the CDF hard band <De Luca & Molendill2003l) 
as would be expected. 

Our critical finding is the strong downturn in the XRB re- 
solved fraction seen in the individual energy bands, decreasing 
from ~ 70 per cent at 2 — 4.5 keV to < 50 per cent at en- 
ergies > 4.5 keV. The detected sources are failing to account 
for the hard XRB. A power-law fitted to the intensity resolved 
by the three instruments (over all bands) has a normalisation of 
N = 11.5±0.5keV cm -2 s _1 sr -1 keV" 1 (at 1 keV) and a spec- 
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Figure 3. The fraction of the total extragalactic XRB intensity resolved 
from detected sources. The combined result from all three instruments is 
shown, the grey bars indicate one sigma errors for each fraction. 
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Figure 4. The to tal XRB as measured by the HEAO-1 missions 
i Gruber et al. 1999) but renormalised to the 2 — 8 keV intensity observed 
bv lDe Luca & Molendi J2003t) (a scaling factor of ~ 1.4). The solid region 
indicates the T = 1.75, N = 11 ± 0.5 keV cm~ 2 s" 1 sr _1 keV -1 re- 
solved spectrum and uncertainty. The dashed region indicates the residual 
unresolved component and uncertainty. 



tral slope T — 1.75 ± 0.05. The data however suggest a steepening 
of the slope with energy, with T ~ 1.65 over 0.5 — 4.5 keV, 1.77 
over 2 — 7.5 keV and ~ 1.80 over 4.5 — 12keV, all are consid- 
erably softer than the total XRB slope of V ~ 1.4. Fig. |4]shows 
the total extragalactic XRB spectrum, along with that resolved here 
and the m issing c omponent. Our result agrees with the trend in- 
dicated by Bare er et alJ 120021 Fig. 19) who colour-corrected the 
CDF-N sources assuming a fixed intrinsic spectrum to show that the 
resolved fraction does not extrapolate to give the observed XRB. 

The level of the unresolved component depends upon the 
Lockman Hole being a representative sample of the sky, as well 
as the normalisation of the total XRB. The brightest sources con- 
sidered have fluxes up to ~ 10 -13 erg cm -2 s _1 ; there is a non- 
negligible contribution to the whole-sky XRB by brighter sources 
and a further correction needs to be made, increasing the resolved 
component by ~ 10 — 20 per cent (estimated from the log N — log S 
curves compiled by M orettietall 2003). This effect is only compa- 
rable to the potential field-to-field variations on the sky and regard- 



" 0.2 0.5 1 2 5 10 

Energy (keV) 

Figure 5. The resolved XRB intensities from the bright and faint mem- 
bers of the detected source population. The filled circles show the re- 
solved intensity due to the objects with 0.2 — 12kcV fluxes exceeding 
2 X 10 — 14 erg cm -2 s _1 , the open squares show the resolved intensity 
from the objects fainter than this. The spectrum resolved from faint sources 
has a spectral slope of V ~ 1.6 compared to V ~ 1.8. for the bright sources. 



less of any net adjustments to normalisation, the trend toward a 
lower resolved fraction at harder energies is still robust. 

Fig. |3 again shows the total background level in the five 
energy bands but the resolved intensity is shown from the 
faint (0.2 - 12keV flux < 2 x 10" 14 erg cm" 2 s" 1 ) and 
bright (> 2 x 10~ 14 erg cm" 2 s" 1 ) sources separately. The 
two populations have significantly different spectral slopes. The 
faint sources are much harder than the bright ones - the re- 
solved intensity having a spectral slope of T ~ 1.6 com- 
pared to T ~ 1.8 for the bright sources, (power-law normal- 
isations at IkeV are ~ 3.3keVcm~ 2 s _1 sr _1 keV -1 and ~ 
8.3 keV cm~ 2 s^ 1 sr _1 keV -1 respectively). 



4 DISCUSSION 

We have shown that only ~ 50 per cent of the hard X-ray back- 
ground above 7 keV is resolved and we are missing a considerable 
population of faint, hard AGN. This is supported by the hardening 
of the XRB intensity between the spectrum measured from bright 
sources compared to that of the fainter sources (Fig.|5j. The missing 
component (Fig.[4j has the shape of a heavily absorbed AGN spec- 
trum. Given the negligible X-ray flux, the scattered soft component 
must be weak, consistent with the emission from almost complete 
(47T sr) coverage by obscuring matter. 

Fig.|6|shows the column density required to harden an intrin- 
sic r = 2 emission spectrum into the shape of the faint, hard, 
unresolved population which has a power-law slope of V ~ 0.6 
(although note the spectrum is rather curved with extremes of 
~ —0.2 and ~ 0.9 at the ends). The column density is greater 
than 10 23 cm -2 and Compton-thick objects are required at red- 
shifts > 2. Such AGN are common at low z - two of the three 



thick (e.g. 


Matt et al. 2000) - few have been found at hig 


ti red- 


shift l Stern et al. 2002; Norman et al. 2002; Crawford et al. 


2003; 


Gandhi et all2004l 


. Distant ones are difficult to detect individually 


jFabian et alEOod 


). The unresolved hard XRB component we have 



detected has the signature of a substantial obscured AGN popula- 
tion. 



6 M. A. Worsley et al. 
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Figure 6. The column density required to harden an unobscured V = 2 
spectrum into that of the residual XRB component, as a function of red- 
shift. The residual component (Fig. was approximated to a power-law, 
the upper and lower bounds plotted are the results for the extremes of the 
power-law slope for the component (r = —0.2 and V = 0.9). The num- 
bers within the plot are the approximate maximum value of the unosbcured, 
rest-frame, 2 — lOkeV luminosity of the undetected sources (ergs -1 ) in 
order to remain below the sensitivity limit (for that redshift and column 
density). 
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